Strains 97/79 T and A121, recovered respectively from human faeces and well water, were compared to currently known species of the genus Citrobacter using genotypic and phenotypic approaches. T recovered from human faeces and strain A121 from well water were distinct from previously described species of the genus Citrobacter. The purpose of this work was to define the taxonomic position of these two strains.
The genus Citrobacter includes ubiquitous bacteria that can be found in the intestinal microflora of humans and animals and in soil, water, sewage and food [1] [2] [3] [4] . Nevertheless, some species of the genus Citrobacter are considered as opportunistic human pathogens [1, 2, 5] . Currently, there are 13 species with validly published names within the genus Citrobacter, including the two recently described species Citrobacter bitternis [6] and Citrobacter pasteurii [5] , and the previously recognized species Citrobacter freundii, Citrobacter amalonaticus, Citrobacter braakii, Citrobacter farmeri, Citrobacter gillenii, Citrobacter koseri, Citrobacter murliniae, Citrobacter rodentium, Citrobacter sedlakii, Citrobacter werkmanii and Citrobacter youngae [7, 8] . Phylogenetic analysis of protein-coding housekeeping genes provided an accurate discrimination among species of the genus Citrobacter [3, 5] . In the latter studies, strain 97/79 T recovered from human faeces and strain A121 from well water were distinct from previously described species of the genus Citrobacter. The purpose of this work was to define the taxonomic position of these two strains.
Strains 97/79
T and A121 were isolated as described [3, 5] . C. werkmanii CIP 104555 T , C. freundii CIP 57.32 T and C. braakii CIP 104554
T were used for comparative phenotypic analysis. Strains were maintained on trypticase soy agar (TSA; Sigma-Aldrich) for short-term storage and in tryptic soy broth (TSB; Sigma-Aldrich) supplemented with 20 % (v/v) glycerol at À80
C for long-term storage. Gram staining was carried out by using the bioM erieux Gram Stain kit. Oxidase activity was tested by using 1 % (w/v) tetramethyl-p-phenylenediamine (Merck) and catalase activity was evaluated in the presence of 3 % (v/v) aqueous hydrogen peroxide solution. Growth at different NaCl concentrations [0, 3.0, 6.0, 9.0, 12.0 and 15.0 % (w/v)] and temperatures (5, 10, 15, 20, 25, 30, 37, 50, 60, 65 and 70 C) were examined by using TSB as the basal medium. To determine the pH range for growth, basal medium was adjusted with HCl or NaOH to reach pH values of 4.0-11.0, at intervals of 1.0 pH unit. To confirm anaerobic growth, strains were inoculated into TSB tubes with paraffin on top, under optimal growth conditions. Metabolic and biochemical characterization was performed using the standardized API 20E strips (incubation 24 h at 34 C) and API 50 CH strips (incubation 48 h at 37 C) (bioM erieux). DNA was obtained by using the DNeasy tissue kit (Qiagen). PCR amplification of rpoB (b-subunit of RNA polymerase), pyrG (CTP synthetase), fusA (protein synthesis elongation factor-G), leuS (leucine tRNA synthetase), recN (DNA repair), and rrs (16S ribosomal RNA) genes was performed using primers described previously [3, 9, 10] and given in Table S1 (available in the online Supplementary Material). PCR products were sequenced on both strands on an ABI 3730xl DNA analyzer and chromatograms were analysed using BioNumerics v6.6 (AppliedMaths). Further, the sequences of the five genes were subsequently confirmed from the genomic sequences. Whole-genome shotgun sequencing was achieved using Illumina's MiSeq 2Â250 nt (strain 97/79 T ; [5] ) or NextSeq-500 instrument 2Â150 nt (strain A121). Assembly of strain 97/79
T was obtained using CLC Genomics Workbench 7.0.3 (www.clcbio.com/products/clc-genomics-workbench) and assembly of strain A121 was obtained using SPAdes v3.6.2 [11] . Average nucleotide identity (ANI) was calculated by using jSpecies [12] . Phylogenetic analyses were performed by the maximum-likelihood method using PhyML [13] with the K80 nucleotide substitution model. Nucleotide sequences of the type strain resulting from this study were deposited in the EMBL sequence database, while previous sequence data are from Clermont et al. [5] and Ribeiro et al. [3] .
Previous phylogenetic relationships based on 16S rRNA gene sequences [10] distinguished three groups within the genus Citrobacter: group I (C. freundii, C. youngae, C. braakii, C. werkmanii, C. gillenii and C. murliniae); group II (C. amalonaticus, C. farmeri, C. sedlakii and C. rodentium); and group III (C. koseri). We found that strain 97/79 T falls in group I (Fig. S1 ). However, 16S rRNA gene sequence variation provides limited resolution [5] ) and C. koseri (the only member of group III); note that the recently described species C. bitternis is not included. Previous sequence data are from Clermont et al. [5] . The tree was rooted on the branch separating group I from groups II and III. Branches depicted in bold were supported by bootstrap values >95 %, as obtained after 1000 replicates. Bar, 0.01 changes per nucleotide.
to discriminate among closely related Enterobacteriaceae [14] , as observed previously for Citrobacter [5] . The phylogenetic analysis based on the four loci fusA, leuS, pyrG and rpoB, representing a total of 2082 nt, showed that strains 97/79 T and A121 represent a distinct branch within group I [5, 10] (Fig. 1) . Further, these two strains were grouped together with two strains for which the genomic sequences were publicly available, MGH 56 and FDAARGOS_61 (Fig. 1) . recN gene sequencing, previously used to discriminate species of the genus Citrobacter [3] , also distinguished strains 97/79 T and A121 from other closely related species of the genus Citrobacter (Fig. S2) .
The ANI value between the genomic sequences of strains 97/ 79 T and A121 was 99.2 %. In contrast, the ANI values of strain 97/79 T compared with the type strains of C. braakii (93.0 %), C. freundii (92.2 %), C. werkmanii (90.3 %), and C. youngae (89.2 %) were clearly below the species cut-off level of 95 %.
The novel isolates stained Gram-negative. The rod-shaped cells (1-2 µm in diameter and 4-5 µm in length) were motile. Growth occurred at 20, 25, 30, 37 and 50 C, and in the range of 0-15 % (w/v) NaCl and pH 5.0-10.0. Other phenotypic characteristics are given in Table S2 . Differential biochemical characteristics of strains 97/79 T and A121 as compared to type strains of closely related species of the genus Citrobacter are presented in Table 1 .
Overall, the genotypic and phenotypic characteristics of strains 97/79 T and A121 show that the strains represent a novel species of the genus Citrobacter, for which the name Citrobacter europaeus sp. nov. is proposed, with 97/79 T as the type strain.
DESCRIPTION OF CITROBACTER EUROPAEUS SP. NOV.
Citrobacter europaeus (eu.ro.pae¢us. L. masc. adj. europaeus of or belonging to Europe, referring to the European continent). 
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